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INTRODUCTION 
The Exobiology Program, within the Office of Space Science 
and Applications of the National Aeronautics and Space 
Administration, is an integrated program to methodically 
investigate those processes that may have been responsible for, 
or related to, the origin, evolution, and distribution of life in 
the universe. 
This report contains a listing of 1984 publications 
emanating from research supported by the Exobiology Program. Our 
intent in compiling this report is twofold: we want to provide 
the scientific community with an annual publication listing (as 
we have done since 1975) of current NASA-supported research in 
this field, and we hope to stimulate the exchange of information 
and ideas among scientists working in the different areas of the 
program. 
Research supported by the Exobiology Program is carried out 
in the areas of Chemical Evolution, Organic Geochemistry, Origin 
and Evolution of Life, Planetary Environments, Life in the 
Universe, and Search for Extraterrestrial Intelligence (SETI). 
Each area is defined as follows: 
CHEMICAL EVOLUTION focuses on the nonbiological 
synthesis of biologically significant organic molecules 
under conditions presumed to have existed on the 
primitive earth or on any primitive planet before the 
advent of life. 
~~GANIC GEOCHEMISTRY involves 1) analyzing ancient 
terrestrial rocks for organic molecules and inclusions 
of biological origin, and 2) developing techniques to 
isolate organic matter and to distinguish organic 
matter of biological origin from that of nonbiological 
origin. 
~~IGIN AND EVOLUTION OF LIFE includes studies of 1) the 
origin of essential life processes and systems includ-
ing the nucleic acid and protein biopolymers, mecha-
nisms, genetic information transfer, energy collection 
and cellular and subcellular structures, and 2) the 
evolution of primitive microbial ecologies. 
E~ANETARY ENVIRONMENTS includes 1) characterizing 
microorganisms capable of surviving and/or growing in 
extreme conditions approaching those of planetary 
environments, 2) developing methodologies and 
techniques to detect and characterize life-related 
molecules in extraterrestrial environments, and 3) 
developing methods to determine planetary environmental 
characteristics important for chemical evolution 
processes. 
b;FE IN THE UNIVERSE involves research and analysis in 
two distinct but related areas: 1) forms, abundances, 
and reactivity of the biogenic elements; and 2) effect 
of planetary, solar, and astrophysical phenomena on 
evolution of complex life. 
2 
SEARCH fOR EXTRATERRESTRIAL INTELLIGENCE (SETI) involves 
the search for extraterrestrial intelligent life by 
detecting signals in the microwave region of the 
spectrum. 
The bibliography is divided into the six research areas noted 
above and a miscellaneous section. Within each research area, 
references are listed alphabetically by author. Authors who are 
principal investigators are identified by an asterisk. In 
addition, current addresses for all Principal Investigators are 
given in the Appendix. 
We wish to thank all the participants in the Exobiology 
Program for their cooperation in responding to our request for a 
listing of their 1984 publications. 
Donald L. DeVincenzi 
December 1985 
CHEMICAL EVOLUTION 
AJELLO, J.M.; SHEMANSKY, D.; KWOK, T.L.; YUNG*, Y.L. 
STUDIES OF EXTREME-ULTRAVIOLET EMISSION FROM RYDBERG 
SERIES OF H2 BY ELECTRON IMPACT. 
PHYSICAL REVIEW-A 
29(2): 636·-653, 1984. 
(GWU 6415) 
BASILE, B.P.; MIDDLEDITCH, B.S.; ORO*, J. 
POLYCYCLIC AROMATIC HYDROCARBONS IN THE MURCHISON 
METEORITE. 
ORGANIC GEOCHEMISTRY 
5(4); 211-216, 1984. 
(GWU 6332) 
BONNER*, W.A. 
EXPERIMENTAL EVIDENCE FOR BETA-DECAY AS A SOURCE OF 
CHIRALITY BY ENANTIOMER ANALYSIS. 
ORIG;[NS OF LIFE 
14: 383-390, 1984. 
(GWU 5503) 
BONNER*, W.A.; LIANG, Y. 
BETA-DECAY, BREMSSTRAHLEN, AND THE ORIGIN OF MOLECULAR 
CHIRALITY. 
JOURNAL OF MOLECULAR EVOLUTION 
21(1): 84-89, 1984. 
(GWU 6433) 
CARR, S.A.; BIEMANN*, K. 
IDENTIFICATION OF POSTTRANSLATIONALLY MODIFIED AMINO 
ACIDS IN PROTEINS BY MASS SPECTROMETRY. 
METH,ODS IN ENZYMOLOGY 
106: 29-58, 1984. 
(GWU 6446) 
CHU, B.C.F.; ORGEL*, L.E. 
PREPARATION OF LIGATION INTERMEDIATES AND RELATED 
POLYNUCLEOTIDE PYROPHOSPHATES. 
B I 0 C,H I M I CAE T B lOP H Y SIC A ACT A 
782: 103-105, 1984. 
(GWU 5703) 
COYNE*, L.M.; POLLACK*, G.; KLOEPPING, R. 
ROOM-TEMPERATURE LUMINESCENCE FROM KAOLIN INDUCED BY 
ORGANIC AMINES. 
CLAYS AND CLAY MINERALS 
32(i): 58-·66, 1984. 
(GWU 5389) 
FAKHRAI, H.; INOUE, L; ORGEL*, L.E. 
TEMPERATURE-DEPENDENCE OF THE TEMPLATE-DIRECTED SYNTHESIS 
OF OLIGOGUANYLATES. 
TETRAHEDRON 




THE CHEMISTRY OF LIFE'S ORIGIN. 
CHEMICAL AND ENGINEERING NEWS 
62(35): 22-35, 1984. 
(GWU 4844) 
FERRIS*, J.P.; BOSSARD, A.; KHWAJA, H. 
MECHANISM OF PHOSPHINE PHOTOLYSIS. APPLICATION TO JOVIAN 
ATMOSPHERIC PHOTOCHEMISTRY. 
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 
106: 318 - 324, 1984. 
(GWU 5347) 
FERRIS*, J.P.; HAGAN, W.J., JR. 
HCN AND CHEMICAL EVOLUTION: THE POSSIBLE ROLE OF CYANO 
COMPOUNDS IN PREBIOTIC SYNTHESIS. 
TETRAHEDRON 
40(7): 1093-1120, 1984. 
(GWU 5718) 
FERRIS*, J.P.; YANAGAWA, H.; HAGAN, W.J., JR. 
THE PREBIOTIC CHEMISTRY OF NUCLEOTIDES. 
ORIGINS OF LIFE 
14: 99-106, 1984. 
(GWU 5508) 
FERRIS*, J.P.; YANAGAWA, H.; DUDGEON, P.A.; HAGAN, W.J., JR.; 
MALLARE, I.E. 
THE INVESTIGATION OF THE HCN DERIVATIVE 
DIIMINOSUCCINONITRILE AS A PREBIOTIC CONDENSING AGENT. 
THE FORMATION OF PHOSPHATE ESTERS. 
ORIGINS OF LIFE 
15: 29-43, 1984. 
(GWU 6088) 
FRIEDSON, A.J.; YUNG*, Y.L. 
THE THERMOSPHERE OF TITAN. 
JOURNAL OF GEOPHYSICAL RESEARCH 
89(A1): 85-90, 1984. 
(GWU 6438) 
HARTMAN*, H. 
SPECULATIONS ON THE EVOLUTION OF THE GENETIC CODE III: 
THE EVOLUTION OF T-RNA. 
ORIGINS OF LIFE 
14: 643-648, 1984. (GWU 5509) 
HARTMAN*, H. 
4 
PHILOSOPHY OF SCIENCE AND THE ORIGIN OF LIFE. 
IN: METHODOLOGY, METAPHYSICS AND THE HISTORY OF SCIENCE 
(COHEN, R., WARTOFSKY, M., EDS.). 
DORDRECHT, HOLLAND: D. REIDEL PUBLISHING CO., P. 183-213, 
1984. 
(GWU 6386) 
INOUE, T.; JOYCE, G.F.; GRZESKOWIAK, K.; ORGEL*, L.E.; BROWN, 
J.M.; REESE, C.B. 
TEMPLATE-DIRECTED SYNTHESIS ON THE PENTANUCLEOTIDE 
CPCPGPCPC. 
JOURNAL OF MOLECULAR BIOLOGY 
178U): 669-676, 1984. 
(GWU 6333) 
JAFFE, W.J.; BERGE, G.L.; OWEN*, T.; CALDWELL~ J. 
URANUS: MICROWAVE IMAGES. 
SCIENCE 
225(1-1-662): 619-621, 1984. 
(GWU 6454) 
JOYCE, G.F.; INOUE, T.; ORGEL*, L.E. 
NON-ENZYMATIC TEMPLATE-DIRECTED SYNTHESIS ON RNA RANDOM 
COPOLYMERS: POLY (C,U TEMPLATES). 
JOURNAL OF MOLECULAR BIOLOGY 
176(2): 279-306, 1984. 
(GWU 6056) 
JOYCE, G.F.; VISSER, G.M.; VAN BOECKEL, C.A.A.; VAN BOOM, 
J.H.; ORGEL*, L.E.; VAN WESTRENEN, J. 





KASTING, J.F. 1 
THE EVOLUTION OF THE PREBIOTIC ATMOSPHERE. 
ORIGINS OF LIFE 
14: 75-82, 1984. 
(GWU 6193) 
KHARE, B.N.; SAGAN*, C.; ARAKAWA, E.T.; SUITS, F.; CALLICOTT, 
T.A.; WILLIAMS, M.W.; SHRADER, S.; OGINO, H.; WILLINGHAM, 
J.O.; NAGY*, B. 
THE ORGANIC CLOUDS OF TITAN (ABSTRACT). 
IN: ABSTRACTS, 25TH PLENARY MEETING, COMMITTEE ON SPACE 
RES~ARCH, INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS, 
2P., 1984. 
(GWLI 6463) 
KNOX, F.,; MCELROY*, M.B. 
CHANGES IN ATMOSPHERIC CO 2: INFLUENCE OF THE MARINE BIOTA AT HIGH LATITUDE. 
JOURNAL OF GEOPHYSICAL RESEARCH-A 
89(ci3): 4629-4637, 1984. 
(GWlJ 6410) 
LEVINE*i' J.S. 
EARTH'S EARLY ATMOSPHERE: A NEW VIEW (ABSTRACT). 
IN: ABSTRACTS WITH PROGRAMS 1984, 97TH ANNUAL MEETING OF 
THE.GEOLOGICAL SOCIETY OF AMERICA, RENO, NEVADA, NOVEMBER 
5-8, 1984, P. 575. .' 
(GWU 6183) 
I;:~:-~~~~~~~~-~~i~~i~;~-i~~ESTIGATOR 5 
LEVINE*, J.S.; AUGUSTSSON, T.R.; ANDERSON, I.C.; HOELL, J.M., 
JR.; BREWER, D.A. 
TROPOSPHERIC SOURCES OF NO X: LIGHTNING AND BIOLOGY. ATMOSPHERIC ENVIRONMENT 
18(9): 1797-1804, 1984. 
(GWU 6391) 
LEVINE*, J.S. 
WATER AND THE PHDTOCHEMISTRY OF THE TROPOSPHERE. 
IN: SATELLITE SENSING OF A CLOUDY ATMOSPHERE: OBSERVING 
THE THIRD PLANET (HENDERSON-SELLERS, A., ED.). 
PHILADELPHIA: TAYLOR AND FRANCIS, P. 123-166, 1984. 
(GWU 6373) 
LEVINE*, J.S. 
THE NITROGEN CYCLE: ATMOSPHERE INTERACTIONS. 
IN: THE INTERACTION OF GLOBAL BIOCHEMICAL CYCLES (MOORE, 
B., III., DASTOOR, M.N., EDS.). 
PASADENA, CA: NASA, JET PROPULSION LABORATORY, P. 
179-207, 1984 (JPL PUBLICATION 84-21). 
(GWU 6392) 
LUKE, B.T.; GUPTA, A.G.; LOEW*, G.H.; LAWLESS*, J.G.; WHITE*, 
D.H. 
THEORETICAL INVESTIGATION OF THE ROLE OF CLAY EDGES IN 
PREBIOTIC PEPTIDE BOND FORMATION. I. STRUCTURES OF ACETIC 
ACID, GLYCINE, H2S04, H3P04, Si(OH)4' Al(OH)4 . 
INTERNATIONAL JOURNAL OF QUANTUM CHEMISTRY: QUANTUM 
BIOLOGY SYMPOSIUM 
11: 117-135, 1984. 
(GWU 6368) 
MILLER*, S.L.; SCHLESINGER, G. 
CARBON AND ENERGY YIELDS IN PREBIOTIC SYNTHESES USING 
ATMOSPHERES CONTAINING CH 4 , CO AND CO 2, ORIGINS OF LIFE 
14: 83-90, 1984. 
(GWU 5504) 
MILLER*, S.L. 
THE PREBIOTIC SYNTHESIS OF ORGANIC MOLECULES AND 
POLYMERS. 
IN: ASPECTS OF CHEMICAL EVOLUTION (NICOLlS, G., ED.). 
NEW YORK: JOHN WILEY & SONS, P. 85-107, 1984. 
(GWU 5345) 
MORTLAND, M.M.; LAWLESS*, J.G.; HARTMAN*, H.; FRANKEL, R. 
SMECTITE INTERACTIONS WITH FLAVOMONONUCLEOTIDE. 
CLAYS AND CLAY MINERALS 
32(4): 279-282, 1984. 
(GWU 6121) 
ORO*, J.; BASILE, S.; CORTES, S.; SHEN, C.; YAMROM, T. 
6 
THE PREBIOTIC SYNTHESIS AND CATALYTIC ROLE OF IMIDAZOLES 
AND OTHER CONDENSING AGENTS. 
ORIGINS OF LIFE 
14: 237-242, 1984. 
(GWU 5502) 
PAECHT-HOROWITZ, M.l 
CLAYS AND OTHER MINERALS IN PREBIOTIC PROCESSES. 
ORIGINS OF LIFE 
14: 507-3JA, 1984. 
(GWU 5510) 
PLEASANT, L.G.; PONNAMPERUMA*, C. 
CHEMICAL EVOLUJION AND THE ORIGIN OF LIFE: BIBLIOGRAPHY 
SUPPLEMENT 1982. 
ORIGJ[NS OF LIFE 
15: ~;;5-69, 1984. 
(GWU 6094) 
PONNAMPERUMA*, C.; EIRICH*, F.R. 
THE ROLE OF CLAY, AS AN ADSORBENT AND CATALYST IN 
PREBIOTIC CHEMISTRY (ABSTRACT). 
IN: ABSTRACTS OF PAPERS, 188TH AMERICAN CHEMICAL SOCIETY 
NATIONAL MEETING, PHILADELPHIA, AUGUST 26-31, 1984. 
WASHINGTON, D.C.: AMERICAN CHEMICAL SOCIETY, GEOC 0021, 
1984. 
(GWU 6384) 
PONNAMPERUMA*, C.; HOBISH, M.K. 
THE STEREOCHEMICAL APPROACH TO STUDIES OF THE ORIGIN OF 
THE GENETIC CODE. 
IN: ~OLECUlAR EVOLUTION AND PROTOBIOLOGY (MATSUNO, K., 
DOSE, K., HARADA, K., AND ROHLFING, D.L., EDS.). 
NEW YORK: PLENUM PRESS, P. 29~i-312, 1984. 
(GWU 5686) 
PRATHER, M.J.; MCELROY*, M.B.; WOFSY, S.C. 





PROFY, A.T.; USHER-K", D.A. 
STEREOSELECTIVE AMINOACYLATION OF A DINUCLEOSIDE 
MONOPHOSPHATE BY THE IMIDAZOLIDES OF DL-ALANINE AND 
N- (I[RT -BUTOXYCARBONYL )-DL-AU\NINE. 
JOURNAL OF MOLECULAR EVOLUTIO~ . 
20: 147-156, 1984. 
(GWU 5633) 
PROFY, A.T.; USHER*, D.A. 
STEREOSELECTIVE AMINOACYLATION OF POLYRIBONUCLEOTIDES. 
J 0 U R ~ A L 0 F THE A ME R 1 CAN C HEM I CAL SOC lET Y . 
106: 5030-5031, 1984. 
(GWU 6191) 
RING, D.; MILLER*, S.L. 
THE SPARK DISCHARGE SYNTHESIS OF AMINO ACIDS FROM VARIOUS 
HYDROCARBONS. 
ORIGINS OF LIFE 
15: 7-15, 1984 
(GWU 6110) 
7 
SAGAN*, c.; KHARE, B.N.; LEWIS, J.S. 
ORGANIC MATTER IN THE SATURN SYSTEM. 
IN: SATURN (GEHRELS, T., MATTHEWS, M.S., EDS.). 
TUCSON: UNIVERSITY OF ARIZONA PRESS, P. 788-807, 1984. 
(GWU 6460) 
USHER*, D.A.; PROFY, A.T.; WALSTRUM, S.A.; NEEDELS, M.C.; 
BULACK, S.C.; LO, K.M. 
NUCLEIC ACIDS, PROTEINS, AND CHIRALITY. 
ORIGINS OF LIFE 
14: 621-628, 1984. 
(GWU 5435) 
VAN HOUSE, J.; RICH*, A.; ZITZEWITZ, P.W. 
BETA DECAY AND THE ORIGIN OF BIOLOGICAL CHIRALITY: NEW 
EXPERIMENTAL RESULTS. 
ORIGINS OF LIFE 
14: 413-420, 1984. 
(GWU 5506) 
WALKER*, J.C.G. 
SUBOXIC DIAGENESIS IN BANDED IRON FORMATIONS. 
NATURE 
309(5967): 340-342, 1984. 
(GWU 6189) 
WALKER*, J.C.G. 
HOW LIFE AFFECTS THE ATMOSPHERE. 
BIOSCIENCE 
34 ( 8 ): 486 - 49 1, 1984 • 
(GWU 6199) 
WEBER*, A.L. 
NONENZYMATIC FORMATION OF "ENERGY-RICH" LACTOYL AND 
GLYCEROYL THIOESTERS FROM GLYCERALDEHYDE AND A THIOL. 
JOURNAL OF MOLECULAR EVOLUTION 
20: 157-166, 1984. 
(GWU 6061) 
WEBER*, A.L. 
PREBIOTIC FORMATION OF 'ENERGY-RICH' THIOESTERS FROM 
GLYCERALDEHYDE AND N-ACETYLCYSTEINE. 
ORIGINS OF LIFE 
15: 17-27 t 1984. (GWU 6089) 
WHITE*, D.H.; KENNEDY, R.M.; MACKLIN, J. 
ACYL SILICATES AND ACYL ALUMINATES AS ACTIVATED 
INTERMEDIATES IN PEPTIDE FORMATION ON CLAYS. 
ORIGINS OF LIFE 
14: 273-278, 1984. 
(GWU 5507) 
YUASA, S.; FLORY, D.; BASILE, B.; ORO*, J. 
8 
ABIOTIC SYNTHESIS OF PURINES AND OTHER HETEROCYCLIC 
COMPOUNDS BY THE ACTION OF ELECTRICAL DISCHARGES. 
JOURNAL OF MOLECULAR EVOLUTION 
21(1): 76-80, 1984. 
(GWU 6434) 
YUASA, S.; FLORY, D.; BASILE, B.; ORO*, J. 
ON THE ABIOTIC FORMATION OF AMINO ACIDS. I. HCN AS A 
PRECURSOR OF AMINO ACIDS DETECTED IN EXTRACTS OF LUNAR 
SAMPLES. II. FORMATION OF HeN AND AMINO ACIDS FROM 
SIMULATED MIXTURES OF GASES RELEASED FROM LUNAR SAMPLES. 
JOURNAL Of MOLECULAR EVOLUTION 
20(1): 52-58,1984. ' 
(GWU 6136) 
YUNG*, Y.L.; ALLEN, M.; PINTO, J.P. 
PHOTOCHEMISTRY OF THE ATMOSPHERE OF TITAN: COMPARISON 
BETWEEN MODEL AND OBSERVATIONS. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 




ANDRAWES, f.; HOLZER, G.; ROEDDER, E.; GIBSON*, E.K, 
JR.; ORO*, J. 
GAS CHROMATOGRAPHIC ANALYSIS Of VOLATILES IN FLUID 
AND GAS INCLUSIONS. 
JOURNAL OF CHROMATOGRAPHY 
302: 181-193, 1984. 
(GWU 6305) 
AWRAMIK, S.M. 1 
ANCIENT STROMATOLITES AND MICROBIAL MATS. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW YORK: ALAN R. LISS, P. 1-22, 1984. 
(GWU 5402) 
BOON, J.J. 2 
BIOGEOCHEMICAL CHANGES OF MICROBIAL MATS WITH TIME--
DISCUSSION. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW YORK: ALAN R. LISS, P. 435-436, 1984. 
(GWU 5396) 
BOON, J.J. 2 
TRACING THE ORIGIN OF CHEMICAL FOSSILS IN MICROBIAL MATS: 
BIOGEOCHEMICAL INVESTIGATIONS OF SOLAR LAKE 
CYANOBACTERIAL MATS USING ANALYTICAL PYROLYSIS METHODS. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW YORK: ALAN R. LISS, P. 313-342, 1984. 
(GWU 5397) 
BOURCIER, W.L.; GIBSON*, E.K., JR.; KOTRA, R.K. 
CHARACTERIZATION AND GAS ANALYSIS OF FLUID INCLUSIONS IN 
ARCHEAN BARITES FROM THE WARRAWOONA GROUP, NORTHWESTERN 
AUSTRALIA. 
LUNAR AND PLANETARY SCIENCE 
15: 82-83, 1984. 
(GWU 6482) 
DES MARAIS*, D.J. 
EVOLUTIONARY ASPECTS OF MICROBIAL MATS AND THEIR POSSIBLE 
GLOBAL IMPACT--DISCUSSION. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW YORK: ALAN R. LISS, P. 467-470, 1984. 
(GWU 5399) 
DES MARAIS*, D.J.; MOORE, J.G. 
CARBON AND ITS ISOTOPES IN MID-OCEANIC BASALTIC GLASSES. 
EARTH AND PLANETARY SCIENCE LETTERS 
69(1): 43-57, 1984. 
(GWU 6324) 
~L~W~-ALVAREZ~-PRiNCIPAL-INVESTIGATOR 
A.L. BURLINGAME, PRINCIPAL INVESTIGATOR 
10 
EDMUNDS, K.L.H.; EGLINTON, G.l 
MICROBIAL LIPIDS AND CAROTENOIDS AND THEIR EARLY 
DIAGENESIS IN THE SOLAR LAKE LAMINATED MICROBIAL MAT 
SEQUENCE. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW Y 0 R K: A LAN R. LIS S, P. :~4 3 - 38 9, 19 84 • 
(GWU 5401) 
FRY, B.; GEST, H.; HAYES*, J.M. 
ISOTOPE EFFECrS ASSOCIATED WITH THE ANAEROBIC OXIDATION 
OF SULFIDE BY THE PURPLE PHOTOSYNTHETIC BACTERIUM, 
CHROMATIUM VINOSUM. 
--" -FEM~~ MICROBIOLOGY LETTERS 
22: 283-2B7, 1984. 
(GWU 5755) 
GIBSON*, E.K., JR.; CRONIN*, J.fL; KOTRA, R.K.; PRIMAS, T.R.; 
MOORE, C.B. 
AMINO ACIDS, CARBON AND SULFUR ABUNDANCES IN ANTARCTIC 
CARBONACEOUS CHONDRITES. 
IN: PAPERS PRESENTED TO THE NINTH SYMPOSIUM ON ANTARCTIC 
METE;ORITE~~, TOKYO, JAPAN, MARCH 22-24,1984. 
TOKYO: NATIONAL INSTITUTE OF POLAR RESEARCH, P. 37-1 TO 
37-j, 1981~. 
(GWLJ 6418) 
GIBSON*, E.K., JR.; CRONIN*, J.R.; KOTRA, R.K.; PRIMAS, T.R; 
MOOHE, C.B. 
AMINO ACIDS, CARBON AND SULFUR ABUNDANCES IN ANTARCTIC 
CARBONACEOUS CHONDRITES. 
LUNAR AND PLANETARY SCIENCE 
15: "300-301, 1984. 
(GWU 6483) 
GIBSON*, E.K., JR.; KOTRA, R.K. 
CHEMICAL ANALYSIS OF FLUID INCLUSIONS USING LASER 
MICROPROBE-GAS CHROMATOGRAPHY (ABSTRACT). 
IN: ABSTRACTS OF PAPERS, 187TH AMERICAN CHEMICAL SOCIETY 
NAT:~ONAL t1EETING, Sf. LOUIS, MISSOURI, APRIL 8-13,1984. 
WASHINGTON, D.C.: AMERICAN CHEMICAL SOCIETY, P. GEOC 
0027, 1984. 
(GWU 6363) 
GIBSON*, E.K.; PRIMAS, T.R.; KOTRA, R.K. 
CARBON AND SULFUR ABUNDANCES IN ANTARCTIC CARBONACEOUS 
CHONDRITES, ORDINARY CHONDRITES, EUCRITES, AND THE 
MARTIAN SHERGOTTITE. 
LUNAR AND PLANETARY SCIENCE 
15: "304-305, 1984. 
(GWU 6481) 
11 
HAILER, J.G.; LEININGER, R.K.; HAYES*, J.M. 
MARINE VS. TERRESTRIAL SOURCES AND OTHER INFLUENCES ON 
THE CARBON ISOTOPIC COMPOSITION OF THE ORGANIC MATTER IN 
THE NEW ALBANY SHALE. 
IN: PROCEEDINGS OF THE 1983 EASTERN OIL SHALE SYMPOSIUM, 
LEXINGTON, KENTUCKY, NOVEMBER 13-16, 1983,7 P., 1984. 
(GWU 6462) 
HINES, H.B.; BURLINGAME*, A.L. 
CHEMICAL DEGRADATIONS OF RESIDUAL ORGANIC MATTER FROM 
LAMINATED CYANOBACTERIAL MATS FROM SOLAR LAKE, ISRAEL. 
IN: MICROBIAL MATS: STROMATOLITES (COHEN, Y., CASTENHOLZ, 
R.W., HALVORSON, H.O., EDS.). 
NEW YORK: ALAN R. LISS, P. 391-410, 1984. 
(GWU 5394) 
HOLLAND*, H.D. 
THE CHEMICAL EVOLUTION OF THE ATMOSPHERE AND OCEANS. 
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